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THE POTENTIAL OF “CIVIC SCIENCE EDUCATION”
Abstract
This paper explores the potential of civic science education (CSE), which includes experiences
that have been intentionally designed to foster or enhance individuals’ interactions with and/or
engagement in science‐related public matters. To begin, we provide a theoretically‐ grounded
definition of CSE, including three sub‐categories: foundational, exploratory, and purposefully
active. We then explore the scholarly arguments for why enacting CSE could help to support
students’ science learning and civic engagement and also strengthen civil society. Next, the
paper examines current educational practices related to CSE, such as citizen science, exploring
socioscientific issues, and various civic education pedagogies, detailing what researchers have
learned from empirical studies of these practices. Building on this prior theory and research, we
argue that CSE could motivate students both to learn science and become engaged in civic
issues, with slightly different expected outcomes across the three CSE categories. We conclude
by encouraging educators and researchers to explore the great potential of such practices,
providing specific recommendations for curriculum development and empirical studies.
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socioscientific issues • citizen science • civic engagement • motivation • civic science
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1  Introduction
As people around the world grapple with major public health and environmental
challenges, scientists and leaders have become increasingly concerned about our society's
capacity to address these challenges effectively (e.g., Ferreira et al., 2018; Somerville, 2020). For
many years, scholars have been interested in how education might contribute to enhancing public
policy and decision‐making related to science (e.g., Bazzul, 2015; Bencze & Carter, 2011;
Feinstein & Kirchgasler, 2015; Rudolph & Horibe, 2016), and in the midst of COVID‐19,
climate change, and other disturbing trends, these matters have taken on a renewed urgency.
Given our current context, this paper aims to highlight the importance and potential of
civic science education (CSE), that is, educational experiences that support individuals' ability to
understand, explore, and take informed action on public issues related to science. We contend
that expanding such opportunities could strengthen students' learning of important scientific
content and engagement in science‐related public matters, ultimately improving the management
of these public issues and civil society overall. In this paper, we explore theory, research,
practice, and uncertainties related to CSE, and we also call for more research in domains that
could further enhance the enactment of CSE.
In the United States, the Next Generation Science Standards (NGSS Lead States, 2013)
acknowledge the role of science education in supporting informed civic participation. For
example, the standards state that students should “design, evaluate, and refine a solution for
reducing the impact of human activities on the environment and biodiversity” (HS‐LS2‐7). The
document mentions the word “citizen” eleven times, noting the importance of “civic decision
making” (p. 7), becoming a “critical consumer of science” (p. 71), and learning about science‐
related issues that “affect their lives and communities” (p. 286).
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Similar trends can be found in the national education policies of other countries as well.
For example, in Brazil's National Curriculum Parameters (PCN, 2018), which contain the content
learning standards for elementary and secondary schools nationally, it is emphasized that,
together with discipline‐specific learning, schooling should involve student preparation for the
exercise of citizenship in a democratic context and development of a fuller awareness of their
responsibilities and rights. Civic participation is most strongly emphasized in biology, noting
that, “In the teaching of Biology, it is essential to develop...citizens who are able to carry out
practical actions, form judgements and make decisions” (p. 45).
Despite the important stated goals of educational standards documents in the United
States and beyond, we argue that students must also be prepared to take a more active role in
addressing science‐related public issues (e.g., Bazzul, 2015) and that such an active role could
enhance students' learning in science (e.g., Bencze & Carter, 2011). Scholars in other sub‐fields
of education, such as social studies and environmental education, have long recognized the
importance of preparing youth for civic action, and their standards reflect this stance.1 We ask
that you, our readers, consider the extent to which science education, through NGSS, research,
teaching, and other avenues, may join these fields in making informed, active democratic
participation a high priority.

2  What is CSE?
For several decades, scholars of the natural and social sciences have argued that science
education should equip students to collaboratively build a better society, not only by enabling

1

National Council for the Social Studies (2013). College, career, and civic life (C3) Framework for social studies state standards. Standards D4.8.6‐8 and D4.8.‐9‐
12, p. 62; North American Association for Environmental Education. Guidelines for ex- cellence, K‐12 learning. Strands 3 and 4, pp. 43–48, 63–70.
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people to make sense of their world but also by preparing them to participate in science‐related
deliberations that shape society (Clark & Illman, 2001; Garlick & Levine, 2018; Rutherford &
Ahlgren, 1989). Numerous sub‐fields and federally‐funded grant programs have emerged to
explore students' learning in this domain, including science, technology, and society (STS)
programs (e.g., Bennett et al., 2007), socioscientific issues (SSI) curricula (e.g., Zeidler et al.,
2005), and citizen science, among others (see Table 1). Likewise, scholars and researchers of

Table 1  Sub-Fields of Education Related to CSE
Sub-Field

Brief Definition

Socio-Scientific Issues
(SSI)

Science instruction should focus on scientific issues with social ramifications.
Science is learned through scientific argumentation (evidence-based), moral
reasoning, and ethical deliberation as students seek to collaboratively solve
cases or dilemmas (authentic, real-world problems) (Zeidler, 2003).

Science, Technology, &
Society (STS)

The STS movement emphasizes the need for science to be taught in relation to
other spheres of life (rather an isolated subject). With a focus on
interconnections to other human endeavors like technology and society, science
is taught in the context of recent technological advancements in the students’
social world (Solomon & Aikenhead, 1994).

Science, Technology,
Societies &
Environments (STSE)

“STSE education prioritizes understanding relationships, [and] it also is
important to have realistic conceptions of each element - including about the
nature of science and technology (NoST), the nature of societies (e.g.,
sociology) and the nature of environments” (Bencze, 2019).

Citizen Science (aka
Public Participation in
Science Research)

“[T]he public participates voluntarily in the scientific process, addressing realworld problems in ways that may include formulating research questions,
conducting scientific experiments, collecting and analyzing data, interpreting
results, making new discoveries, developing technologies and applications, and
solving complex problems” (United States General Services Administration,
2020).

Environmental
Education (EE)

“Environmental education is aimed at producing a citizenry that is
knowledgeable concerning the biophysical environment and its associated
problems, aware of how to help solve these problems, and motivated to work
toward their solution" (Stapp, 1969, p. 34).

Education for
Sustainable
Development (ESD)

“[E]mpowers learners to take informed decisions and responsible actions for
environmental integrity, economic viability and a just society, for present and
future generations, while respecting cultural diversity” (UNESCO, 2021).

Civic Science

“[A] discipline that considers science practice and knowledge as resources for
civic engagement, democratic action, and political change” (Garlick & Levine,
2018, p. 692).

5
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environmental education have examined how students can develop an understanding of our
natural world and adopt the values and skills needed to care for it (e.g., Huckle, 2009; Stapp,
1969; UNESCO, 1978, 2012); and the field of social studies education has developed strategies,
standards, and research to support the development of informed civic participation on science‐
related and other public matters (e.g., Levstik & Tyson, 2008; Sherrod et al., 2010).
In this paper, we link these sub‐fields together under the umbrella term CSE, with the
hope that we can establish a common purpose that enables us to strengthen this important area of
science education. As the label implies, CSE sits at the intersection of three areas—civic life,
science, and education (see Figure 1). By civic life, we refer to interactions with and/or
engagement in public matters, which “include the commons, the distribution of private goods,
and decisions about what actions to prohibit or promote” (Levine, 2007, p. 7). In contrast to

Figure 1  Civic science education at the intersection of three areas
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personal issues, public matters are of concern to numerous people, perhaps entire communities,
states, nations, or global regions. The precise line between public and private matters is not
always clear (e.g., certain purchasing decisions), but certainly issues related to our natural
environment and public health reside in the public sphere.
Like the term civic life, science and education have numerous definitions, but we
conceptualize them broadly. As Wilson (1999) notes, science includes not only knowledge
concerned with the physical world and its phenomena but also the systemic method of building
and organizing knowledge via testable explanations and predictions. This perspective is
integrated into the NGSS, and recent research in science education has echoed these standards'
emphasis on both content and method (Morales‐Doylev et al., 2019). But beyond this, we
support Rudolph's (2014) notion that science, and science education, can include inquiry into
social processes and society more broadly.
Meanwhile, we conceptualize education as the process of facilitating the development of
knowledge, skills, values, beliefs, or habits. These processes can occur in a school or in a variety
of other, less formal settings, such as a community program or informal association. Whereas
classrooms can be excellent sites of learning, youth also spend substantial time in out‐of‐school
programs where they can have hands‐on learning experiences, such as analyzing watersheds
through exploring a local creek system (Fitanides, 2020). While we agree that learning occurs
throughout our broad life experiences (e.g., Lave & Wenger, 1991), we conceptualize education
as experiences that have been deliberately structured to support learning. Thus, CSE includes
experiences that have been intentionally designed to foster or enhance individuals' interactions
with and/or engagement in science‐related public matters. CSE experiences may vary widely in
the extent to which civic issues are included, but in our view, an educational experience can be
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classified as CSE if engagement with science‐related public matters are part of the framing and
among the major objectives of a particular experience.
Civic education, a core aspect of CSE, aims to foster what Torney‐Purta et al. (2015) call
civic learning. They contend that civic learning includes two main dimensions: (1) civic
engagement, which involves civic motivations, values, and activities and (2) civic competency,
which includes civic knowledge, analytical skills, and participatory skills. Thus, civic learning
does not necessarily mean engaging students in formal political activities; rather, it includes a
much broader set of experiences, both formal and informal, individual and collective. For
example, whereas learning for civic engagement includes experiences that support students'
interest in following the news and participating in discussions of current events, learning for
civic competence includes, among other things, experiences that support young people's
understanding of public issues and their ability to thoughtfully analyze those issues. Many public
issues, such as climate change and COVID‐19, involve scientific questions and processes that
need to be broadly addressed, so we believe that civic learning about science‐related issues
(along both dimensions) is vital for enhancing informed democratic participation.
Drawing on prior scholarship and research in political science, civic education,
environmental studies, and science education (explored more in the following sections), we
identify three categories of CSE: foundational, exploratory, and purposefully active (see Table
2). Whereas foundational CSE emphasizes the development of essential knowledge, skills, and
values, exploratory CSE involves the collection and analysis of data on science‐ related civic
issues. Meanwhile, purposefully active CSE prioritizes engagement in the public sphere by, for
example, raising awareness about or designing and enacting plans to affect a specific science‐
related public issue.
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Table 2  Categories of Civic Science Education
CSE Category

Definition

Foundational

CSE experiences that involve exposure to, discussion of, and/or peer interactions
around science-related public matters, with a focus on the development of related
knowledge, skills, and values

Exploratory

CSE experiences that involve asking questions and collecting and/or analyzing
data and/or evidence related to science-related public matters

Purposefully Active

CSE experiences that involve raising awareness, advocating, organizing others,
designing solutions, and/or purposefully participating in efforts to address
science-related public matters

Note. CSE experiences may vary widely in the extent to which civic or scientific issues are included.

Thus, CSE may or may not emphasize active participation, and we recognize the
numerous forms that civic engagement can take (Checkoway & Aldana, 2013). Foregrounding
the civic nature of scientific issues can help students develop a public standpoint and view
scientific matters from a broader societal perspective (Árnason, 2012), but some CSE
practitioners may prefer not to emphasize active participation—instead supporting their students'
engagement as monitorial citizens (Schudson, 1999), occasional citizens (Leydet, 2006), or
personally responsible citizens (Westheimer & Kahne, 2004). Some may prepare their students
for latent rather than manifest forms of sociopolitical involvement (Ekman & Amnå, 2012),
supporting their students' development of key skills, such as writing about socioscientific issues,
that they can leverage when the need arises. Hence, CSE can involve fostering students'
willingness and capacity to share accurate information, advocate, and help organize others when
there are vital science‐related public issues at stake.
Authentic civic engagement is typically characterized by active participation (Llewellyn
et al., 2010), but such participation can include deliberation, discussion, ongoing learning, and
developing community relationships, in addition efforts to influence actual policies (Checkoway
& Aldana, 2013; Levine, 2013). Through CSE, students can learn important scientific concepts
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while also developing pro‐civic attitudes and skills, and educators can make room for the pursuit
of evidence‐based understandings that can inform collective action in the public sphere (Roth &
Lee, 2002). Such action can include traditional forms of participation, such as starting petitions,
attending city council meetings, and participating in letter‐writing campaigns, but they also
include less direct engagement, such as participating in online forums, posting information on
social media, volunteering on a large or small scale, donating or raising money for a science‐
related civic cause, or even simply staying informed about such issues (Bishop & Low, 2004;
Pattie & Seyd, 2003).
While CSE aims to foster engagement with the public sphere, it is important to recognize
how broad public contexts have shaped education itself and influenced our own perspectives and
paradigms (see Figure 2). As Bronfenbrenner's (1979) ecological systems theory and Latour's

Figure 2  Civic science education in context
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(2005) actor network theory explain, we and our communities exist within a complex larger
context, with numerous proximal and distal forces that constantly influence each other. Not only
are our lives affected by the shifting climate and biomes, but we also operate within a set of (also
shifting) institutional contexts and cultural values, which prioritize some matters over others,
privilege certain modes of expression and interaction, and grant more credence and power to
individuals with particular characteristics.
Furthermore, as Foucault (1972) noted, we must also consider how power flows through
social networks. Whereas all actors can express power, the mechanisms of power tend to reside
in certain authoritative institutions and individuals. And although science is widely regarded as
systematically uncovering objective truth, it can be and has been used by authorities to
perpetuate social injustices (Gregory & Miller, 1998).
Indeed, science is regularly co‐opted by politicians across the political spectrum and has
been described as the “discourse of the late capitalist state” (Aronowitz, 1988). Thus, rather than
learning to view science as the dominant mode of epistemic legitimation and the source of
apolitical/ahistorical truths, students should be encouraged to critically explore links between
scientific ideas and social structures. Such critical examination can support students'
development of emancipatory forms of knowledge, which question civic power dynamics and
have the potential to emancipate people from institutional forces that limit their participation in
democratic life (Habermas, 1971). Indeed, examining and critiquing current power structures and
“blurring the lines” between scientists and the public could serve to strengthen deliberation about
how best to address science‐related public challenges (Warmbrod et al., 2019). Such contextual
and critical perspectives can shape the content, skills, and values of CSE, whether the curricular
focus is foundational, exploratory, or purposefully active.

THE POTENTIAL OF “CIVIC SCIENCE EDUCATION”

12

Unfortunately, some major trends in science education assume a technocratic view of
science, largely neglecting some of these larger contextual matters. The Next Generation Science
Standards have numerous positive attributes, but they make little mention of the harmful aspects
of science, such as chemical contamination (Morales‐ Doyle et al., 2019) or the sociopolitical
forces that may incentivize such harm. Nonetheless, it is possible to engage in the content of
NGSS through a sociopolitical or even a social justice lens, examining how, for example,
chemical contaminants have affected water supplies in Flint and elsewhere.
Moreover, Rudolph (2020) advocates for a renewal of “the moral purpose of science
education” not only for the improvement of society but also as a way of mitigating public
skepticism of science and distrust of scientists. He argues that students should come to view
science as a source of reliable knowledge (as opposed to absolute truth) that can help them make
ethical decisions and do “what's right.” Rudolph contends that helping students develop these
perspectives requires a shift in the focus of science instruction from isolated individual practices
to social and institutional practices (collaborative, society‐oriented processes) that operate within
our democratic system. We agree that exploring these ethical dimensions would be beneficial,
enabling students to consider the broader contexts and values in which science operates and
preparing them for responsible decision‐making and civic participation.
CSE practices could help pave the way for such learning. Whether educators pursue
foundational, exploratory, or purposefully active CSE, students can begin to realize how
scientific knowledge and methods influence and are influenced by broad social, institutional, and
ecological contexts—and thus start to see themselves as inexorable participants in a broader
collective process. Such a realization inevitably raises questions about how to be an ethical
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decision‐maker and what values we should prioritize, and practitioners of CSE should be
prepared to explore these challenging yet crucial issues.

3  Why CSE Matters
3.1 Students’ limited motivation in civic and science education
We believe that CSE has the potential to address important practical problems.
Unfortunately, students in the United States and beyond have demonstrated limited motivation to
learn science or engage actively in civic issues. Researchers have long found that most US
students have little scientific knowledge, especially compared to students in other industrialized
countries (Desilver, 2017). On nationally administered exams in 2015, only about 22 percent of
US twelfth graders and 34 percent of US eighth graders performed at the “proficient” level or
better in science (NAEP, 2015). Performance among fourth graders was only slightly better, with
about 38% proficient or better. Scholars suggest that some of this low performance in science is
related to students' limited motivation to learn science (Osborne et al., 2003), a trend that can
depress not only academic achievement but also lifelong learning.
When individuals have more positive attitudes towards science, they tend to perform
better in related coursework (OECD, 2007; Schiefele et al., 1992) and pursue science learning
beyond the classroom (Osborne et al., 2003). Students' interest in science varies by sex (Haussler
& Hoffman, 2000) and self‐concept (Reis & Park, 2001), but regardless of these factors, interest
in these school subjects tends to decrease as individuals progress from elementary to middle
school and even further when they reach high school (Osborne et al., 2003). Although teens tend
to be interested in science in general, they express negative attitudes towards their science
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coursework (Amgen Foundation, 2016) and often view it as irrelevant to their lived experiences
(Jenkins, 2011).
At the same time, many youth are not very engaged in civic issues. Despite required
coursework in civics or government in most states, political participation among youth in the
United States has remained low, with about half of 18‐ to 29‐year‐old casting ballots in 2008
(Kirby & Kawashima‐Ginsberg, 2009) and 2012 (Carpenter, 2012) and well below half in 2016
(Center for Information and Research on Civic Learning and Engagement, 2020a). Even in the
voter surge of 2020, just 50% of eligible youth cast ballots (Center for Information and Research
on Civic Learning & Engagement, 2020b). On voter turnout overall, the US ranked 28th among
35 highly developed democratic states belonging to the Organization for Economic Cooperation
and Development (Pew Research Center, 2017), and most millennials feel that they have no
voice in political processes (Center for Information and Research on Civic Learning and
Engagement, 2016).
Educators, scholars, and policymakers have grown concerned about these trends in civic
engagement and science education. Kyle (1996) and Bencze and Carter (2011) call for a school
science curriculum that fosters political literacy and engagement, and produces scientifically and
politically literate activists rather than apolitical and passive critics. Likewise, Hodson (2003)
argues that students need to be civically engaged by having the opportunity to actively confront
real societal problems (e.g., racism, sexism, classism, injustice) and fight for what is right, good,
and just. And Onwu (2017), focusing on the South African context, calls for a socially
responsible science education that is embedded in socioscientific issues. These practices and
purposes are central to the concept of CSE, and we argue that they could not only enhance civic
life but could also contribute to meaningful scientific learning.
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3.2 Enhancing scientific learning
Furthermore, CSE—which can help relate science content to students’ own lives—can
have a positive impact on students’ scientific learning. Prior research indicates that when
students are intrinsically motivated to learn content, they demonstrate greater interest,
persistence, and learning (Renninger & Hidi, 2016; Schiefele, 2009). Educators can build
students’ intrinsic motivation in various domains by enhancing the four following elements
related to the target task or subject: competence beliefs, self‐determination (choice), social
relatedness, and personal meaning or value (Haussler & Hoffmann, 2002). For example, to
enhance an individual's self‐determination, teachers can provide students options for how to
pursue or demonstrate their learning; and to help an individual realize the meaningfulness of
issues, educators can emphasize why the content matters in everyday life (Schiefele, 2009). Civic
issues, which include questions related to public spaces (e.g., parks, roads) and the distribution of
resources (e.g., healthcare, school funding), can be especially meaningful engaging for young
people because they relate closely to their lives (Levine, 2007; Levy et al., 2016).
Researchers in social studies education have found that examining and discussing public
issues with peers can enhance engagement in those issues (e.g., Hess, 2009; Levy, 2013; Levy et
al., 2017), and as the review below indicates, exploring science‐related public issues can
strengthen students’ science content knowledge (Eastwood et al., 2013), understanding of
scientific process (Brossard et al., 2005), and beliefs that science is related to their lives
(Parchmann et al., 2006). Many explorations of public issues include collaborative inquiry‐based
learning (Levine, 2013; Newmann et al., 2016), and science coursework can productively
integrate such activities. Indeed, Blumenfeld et al. (2006) found that inquiry‐based science
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curricula, which pose authentic questions and require the selection and analysis of data as well as
peer collaboration, can strengthen students’ cognitive engagement in science.
Thus, research in two distinct fields comports with more general research on motivation,
which suggests that when individuals have opportunities to conceptualize the meaningfulness of
issues (Haussler & Hoffmann, 2002) and have emotionally positive interactions with others
related to those issues (Silvia, 2006), they engage in learning these issues more readily.
However, as we note below, there are unanswered questions about how these practices in science
education can simultaneously support motivation to learn science, effective civic engagement,
and the development of valuable scientific understandings.
3.3 Strengthening civil society and public policy
We believe that CSE can strengthen science‐related civil society and public policy, and
leading scholars in science education have also supported this notion. After all, civic
participation of well‐informed youth can and does contribute to positive change, such as the
restoration of urban forests and the preservation of wetlands (e.g., Earth Island Staff, 2002).
Rudolph and Horibe (2016) argue that science education can and should prepare young people to
actively engage in science‐related public issues by fostering the knowledge and skills necessary
for both the production and use of scientific knowledge. Likewise, Feinstein (2011) contends that
an essential rationale for generating scientific literacy is its “usefulness,” emphasizing that youth
should learn to become “competent outsiders” who understand the social and political relevance
of their science learning.
Others take even stronger stances. For example, Hodson (2003) argues that to address
21st century challenges, science curricula should have sociopolitical action as a central goal.
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Citing a similar rationale, Bazzul (2015) advocates a science education that disrupts social
hierarchies by consider varying cultural perspectives on ecology and scientific sense‐making.
Echoing these science education scholars’ arguments, leaders in civic learning have noted
that competent participants in democratic systems must understand public issues in numerous
domains (e.g., Youniss et al., 2002), such as science. And over a century ago, Dewey (1910)
made a similar point, noting that education writ large should aim to build a stronger, more
informed democratic society, with civic participants equipped to address its present social
challenges (Dewey, 1916; Rudolph, 2014).
Furthermore, numerous researchers and advocates have argued for regularly integrating
civic issues into coursework in science. For example, leaders of environmental education
organizations, governmental institutions, and nonprofit groups have repeatedly emphasized the
need for broad civic and political involvement to address environmental challenges (e.g.,
Flowers & Chodkiewicz, 2009; Huckle, 2009; UNESCO, 1978). Lester Brown (2011), author
and president of the nonpartisan Earth Policy Institute, contends that “restructuring the global
economy means becoming politically active, working for the needed changes, as the grassroots
campaign against coal‐fired power plants is doing” (p. 200).
And since the 1960s, environmental educators (Government of Canada, 2002; Levy &
Zint, 2013; Stapp, 1969; UNESCO, 1978) have emphasized the need for youth to learn about
both the scientific basis of environmental problems and how to support and develop policy‐based
solutions. Such problems, they contend, are widely dispersed, and individuals need to advocate
for sustainable policies and become involved in processes that will address their local needs. As
Bencze and Carter (2011) note, if school science courses would contextualize scientific
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environmental challenges in their societal context, they could begin to prepare youth to help
address these issues.

4  Prior Research on CSE Practices
Several strands of research have examined learning experiences and outcomes related to
CSE (see Table 1), and we organize these into three broad categories that capture the major
trends and relate to the categories described above (see Table 3). First, we summarize research
on socioscientific issues in education, which explores how educators can support students’
understanding of the ethical and social dilemmas embedded in scientific endeavors. We consider
this an important element of foundational CSE. Then we synthesize studies of citizen science,
also known as public participation in science research (PPSR), an age‐old practice that invites
broad participation in the process of scientific inquiry, which we consider one type of
exploratory CSE. Next, we describe research on students’ engagement in guided science‐oriented
civic action, a key area of purposefully active CSE. Whereas most of these studies included
middle and high school student participants, others examined the learning and experiences of
adults and elementary school students.
4.1 Research on learning about socioscientific issues (SSIs)
For over three decades, researchers in science education have explored how science
curricula can incorporate the social contexts and applications of science to enhance scientific
understanding. This effort began in the 1980s with a broad, somewhat vague focus on science,
technology, and society (STS). A review of this early line of research suggests that STS
approaches supported secondary students’ development of scientific knowledge and positive
attitudes towards school science (Bennett et al., 2007). Nonetheless, several scholars began to
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Table 3  Outcomes of CSE Practices
CSE Practice

Key Outcomes

Study Author(s)

SSI Explorations and
Discussions

Science Content Knowledge

Klosterman & Sadler, 2010
Sadler et al., 2013

Interdisciplinary Understanding of
Inquiry

Eastwood et al., 2013

Argumentation Skills

Khishfe, 2014
Acar, Turkmen, & Roychoudhury, 2010

Relevance of Science to Everyday
Life

Parchmann et al., 2006
Pelch & McConnell, 2017

Future-Scaffolding Skills

Levrini et al., 2020

Understanding Scientific Process

Brossard, Lewenstein, & Bonney, 2005

Science Knowledge

Bonney, Phillips, Ballard, & Enck, 2016

Feelings of Community
Connectedness

Overdesvest, Orr, & Stepenuck, 2004

Appreciation of Ecosystem

Haywood, 2016

Interest in Science

Trumbull, Bonney, Bascom, & Cabral,
2000
Wallace & Bodzin, 2017

Guided Science-Oriented
Civic Action

Commitment to Conducting ResearchInformed Activism

Bencze et al., 2012

(A Type of Purposefully
Active CSE)

Citizenship Action Skills

Culen and Volk, 2000

Science-Related Career Goals

Calabrese Barton, Birmingham, Sat, Tan,
& Calabrese Barton, 2013

Critical Consciousness

Schindel Dimick, 2016

Knowledge of Environmental
Problems

Sellman and Bogner, 2013

(A Type of Foundational
CSE)

Public Participation in
Science Research
(A Type of Exploratory
CSE)

pursue more focused research in this domain. As Zeidler et al. (2005) argued, developing
curricula around SSIs would help young people become empowered to consider how science‐
based issues reflect not only the physical and social worlds but also important moral and ethical
principles that encompass their lives.
Researchers have found that SSI approaches have a variety of positive effects on
students’ conceptual learning in science. For example, Klosterman and Sadler (2010) studied
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high school chemistry and environmental science courses that included a three‐week unit on
climate change that explored both scientific topics and related political controversies. They
found substantial gains in students’ science content knowledge during the unit. In a separate
study, Sadler and several colleagues (2013) investigated students’ biology learning through a
video game during which they assumed the role of a biologist attempting to diagnose the causes
of an emerging epidemic. With a sample of over 600 students at various levels with 10 different
teachers, findings indicated substantial content knowledge gains for students across all levels,
especially the lower tracks. SSI approaches have also been studied at the college level. Eastwood
et al. (2013) compared students in an SSI‐focused undergraduate biology major and those in a
traditional biology major. Whereas both groups developed similar understandings of scientific
inquiry, survey results indicated that the SSI context supported more nuanced, interdisciplinary
understandings of inquiry.
Whereas the latter studies focused on conceptual learning, others have explored how
certain SSI approaches can help young people to develop important science‐related skills. For
example, Khishfe (2014) examined student learning through their engagement in a curriculum
about water quality, which included explorations and discussions about how humans make
decisions to manage risks. She found that all participants developed an increased understanding
of the nature of science (NOS) and that those who had explicit instruction in argumentation also
developed greater argumentation practices, which they integrated into their NOS understandings.
Other studies have examined students’ reasoning about SSIs (Tsai, 2019; Wu & Tsai,
2007) and the variety of teacher practices and challenges involved in facilitating students’ SSI
argumentation skills (Acar et al., 2010). One useful study in Germany found that integrating SSIs
into chemistry coursework helped students to perceive science as more interesting and relevant
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to their lives (Parchmann et al., 2006). Similarly, Pelch and McConnell (2017) found that
repeated and explicit exposure to socioscientific issues positively influences students' attitudes
about science and their perceptions on the relevance of science. This study involved 310 students
enrolled in a physical geology course with an active learning format where students frequently
watched videos and participated in collaborative activities with their peers (e.g., think‐pair‐share
activities).
One recent study published in this journal explored students’ experiences in a climate
change curriculum that enabled them to consider various possible future scenarios, including
scientific and societal dimensions (Levrini et al., 2020). After learning about climate change,
students were introduced to the “cone of possible, plausible, desirable future scenarios” and
asked to entertain possible courses of action that they could take as responsible, active citizens
faced with a variety of climatic futures. The study, which analyzed essays, interviews, and
projects of 24 students exposed to this curriculum in three European countries, found that
participants’ views about the future widened, that is, they began feeling that the future was more
approachable as they developed future‐scaffolding skills and a sense of agency.
Despite the plethora of evidence that studying SSIs supports students’ learning and
curiosity in science (Tirri et al., 2012), few studies have examined how and the extent to which
SSI approaches support students’ motivation to learn science or become civically engaged. One
exception is the work of Hewitt et al. (2019). They examined the effects of a socioscientific
issues curriculum relative to a control curriculum on student motivation in a large introductory
biology course for life science majors (n = 1032). Using hierarchical linear modeling, they found
that the SSI group had a significant increase in motivation, indicating greater self‐determination
in students experiencing an SSI‐based curriculum, which could lead to greater student success
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and persistence. Qualitative data suggested that this increased motivation of the SSI group
relative to the control group was due to enhanced feelings of relatedness experienced by
students. Although the participants in this study were college students, these findings and others
suggest that SSIs may be valuable for boosting motivation to learn science in a variety of
settings.
4.2 Research on learning through “citizen science”
Another trend related to CSE is the “citizen science” approach, also referred to as public
participation in science research (PPSR). This approach involves nonprofessional scientists,
including students, collecting, and analyzing data on scientific issues within the public domain,
such as bird migration patterns and water quality. This process has a long history extending back
many centuries, including Japanese court diarists who noted the dates of cherry blossoms and
17th century professional scientists who recruited non‐scientists to help them make observations
and collect specimens of the natural environment (Miller‐Rushing et al., 2012). Such
collaborations have continued, contributing to some of the largest data collections in history. For
example, the National Weather Service Cooperative Observer Program (NSW‐COOP) has
collected records of US weather from 1890 to the present. In recent decades, advances in
communication, transportation, and computing have facilitated broader participation in citizen
science.
Scholars have argued that these experiences with hands‐on, authentic data collection and
analysis can enhance science learning by making science more tangible and relevant for
participants (e.g., Jenkins, 2011), and evidence supports this argument. In a study of the
COASST program, in which volunteers monitor local beaches for beached birds and marine
debris, Haywood (2016) found a variety of benefits from participation, including social
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connections, greater awareness and appreciation of the ecosystem, a sense of satisfaction, and
greater mental and physical health. Some participants described feeling a sense of ownership of
the beaches they monitored, and one even mentioned dreaming about peaceful encounters with
wildlife. Similarly, researchers found that adult participants in a stream monitoring program in
Wisconsin experienced increased political engagement and feelings of community connectedness
(Overdesvest et al., 2004).
Some studies also indicate the PPSR can enhance participants’ scientific knowledge. For
example, in a study of 798 data collectors for The Bird Network, who gathered and shared
information on birds’ nest boxes and their inhabitants, researchers found that participants
developed a greater understanding of bird biology and the scientific process as a whole (Brossard
et al., 2005). However, a review of numerous studies of citizen science projects found that such
programs, while contributing substantially to scientific undertakings and questions, have limited
but positive outcomes for participants’ science knowledge (Bonney et al., 2016).
Despite these helpful findings, few studies have thoroughly explored the attitudinal shifts
that participants experience during their participation in citizen science projects. Groulx (2017)
published a literature review identifying 23 different outcomes that studies of citizen science
have examined. Whereas the majority of these studies examined knowledge outcomes, only six
percent studied changes in motivation and three percent explored the facilitation of democratic
participation in societal decisions. And although there is some evidence that participating in
citizen science projects can support an interest in science (Trumbull et al., 2000), little rigorous
research has examined how and if such experiences actually generate this interest among youth.
Most citizen science programs work with adult volunteers, who are already very
motivated and interested in science (e.g., Martin, 2017). Some teachers have recently begun to
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integrate citizen science into their classrooms (Cooper, 2012), but students’ learning in such
required citizen science curricula has rarely been examined. In one example, Wallace and Bodzin
(2017) followed ninth‐grade students as they engaged with a mobile technology app, LeafSnap,
with the intent of understanding phenological changes related to global warming. While students
reported being more interested in science and technology as a result, they were not asked about
future behaviors or public, civic actions. Most curriculum‐based citizen science program
evaluations have focused on whether students gained content knowledge, improved their science
practices, or increased their level of interest in science (Bonney et al., 2016). Additional work
needs to be done to understand how incorporating citizen science into a classroom setting might
positively affect students’ civic engagement.
4.3 Research on guided science-oriented civic action
As researchers have explored the educational outcomes involved in citizen science and
SSI approaches, they have also begun to examine how engaging in guided science‐oriented civic
action can affect young people's development. For example, Bencze et al. (2012), drawing on
their STEPWISE (Science & Technology Education Promoting Wellbeing for Individuals,
Societies, & Environments) framework, worked collaboratively with teachers who guided
students to identify science‐related civic challenges, design action steps to address them, and
implement those action steps. Their qualitative study documented numerous student‐initiated
projects, such as researching and publicizing water quality data, and found that youth in these
courses developed a greater commitment to conducting research‐informed activism. Raising
awareness (through posters, banners, and videos) about how to address environmental problems
was especially meaningful for students.
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Several other studies have examined the outcomes of students’ experiences related to
their local environments. In research with over 100 German high school students, Sellmann and
Bogner (2013) found that hands‐on learning experiences in a botanical garden enhanced
students’ knowledge about climate change and its impacts, both in the short‐term and long‐term.
Likewise, Krasny and Tidball's (2009) study of community gardening suggests that such
experiences can foster multiple types of learning, including not only scientific knowledge but
also greater awareness of food sources and connections to nature. And Culen and Volk (2000)
found that middle school science students who were guided through the “issue investigation‐
evaluation and action process” with their local wetland developed greater knowledge of both
ecological foundations and citizenship action skills. Thus, purposefully participating in efforts to
care for the local environment can have a variety of positive learning outcomes.
Some researchers have explored how more direct science‐related activism can affect
students’ development. For example, in the GET City (Green Energy Technology in the City)
extracurricular program, low‐income urban youth had opportunities to become “community
science experts” by exploring local energy needs and options and then communicating findings
to their community. These experiences enhanced participants’ interests and aspirations in
pursuing careers in science and engineering (Calabrese Barton et al., 2013). Furthermore,
Birmingham and Calabrese Barton (2014) found that when some of these middle school youth
organized a “green carnival,” they merged their place‐based understandings with core science
ideas, which enabled them to alter their perceptions of the relationship between science and their
community. Similarly, in a study of urban high school students restoring an urban park, Schindel
Dimick (2016) found that youth can develop a sense of critical consciousness by beginning to
envision how current patterns of development and infrastructure could be different.
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Thus, prior research shows that students can learn a great deal from their guided
experiences in science‐ oriented civic action. However, studies have not closely examined
participants’ motivations to become engaged in learning science or to participate in civic issues.
We believe that considering previous scholarship and research focused on fostering informed
civic engagement could strengthen future work in CSE.

5  Prior Research on Fostering Informed Civic Engagement
Scholars of education have long been concerned about preparing young people to
participate in civic life. Over a century ago, Dewey (1899/2008) noted that “Democracy has to
be born anew with each generation, and education is its midwife.” Around the same time, the
National Council for the Social Studies (NCSS) was founded with the key purpose of “obtaining
the maximum results in education for citizenship” (A National Council, p. 144, as cited in
Nelson, 1995). Since then, educators have designed numerous methods to prepare young people
for their future roles as democratic participants, and in the past six decades, researchers have
identified the types of experiences that are especially helpful for fostering knowledge, values,
and skills that facilitate active participation in democratic life. These findings, reported in the
Handbook of Research on Civic Engagement in Youth (Sherrod et al., 2010) and other scholarly
outlets, are quite numerous, and in this section, we summarize key findings that seem most
relevant to CSE (see Table 4).
First, exploring and discussing public issues supports various aspects of informed civic
engagement. For example, Kenski and Stroud (2010) survey of tens of thousands of people
explored how talking about politics affects political efficacy, an excellent predictor of political
participation (Becker, 2004; Paulsen, 1991). They found that such exchanges have a greater
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Table 4  Experiences that Support Informed Civic Engagement
Experience Category

Key Outcomes

Study Author(s)

Exploring and Discussing
Public Issues

Civic Participation Capacities

Condon, 2015

Political Tolerance

Avery, Bird, Johnstone, Sullivan, &
Thalhammer, 1992

Deep Content Learning

Newmann, King, & Carmichael, 2007

Political interest

Levy, Solomon, & Collet-Gildard, 2016

Political efficacy

Morrell, 2005; Kenski & Stroud, 2006;
Wells & Dudash, 2007

Political Efficacy

Ikeda, Kobayashi, & Hoshimoto, 2008;
Levy, 2013, 2018

Political Open-Mindedness

Levy, Babb-Guerra, Batt, & Owczarek,
2019

Civic Competencies

LeCompte, Blevins, & Riggers-Piehl,
2020

Political Interest

Ganzler, 2010; Mariani, 2007

Content Learning

Frederking, 2005

Expected Post-High School
Activism

Andolina & Conklin, 2018, 2020

Political Interest

Levy et al., 2016

Protesting

Vissers & Stolle, 2014

Participating in Democratic
Processes

Communicating Publically
about Civic Issues

impact on political efficacy than reading newspapers, watching television news, or listening to
political talk radio, controlling for race and socioeconomic factors. Analyses of focus groups by
Wells and Dudash (2007) had similar findings. Likewise, Morrell's (2005) study found that
students who aimed for consensus through deliberation gained greater political efficacy than
those who could vote independently on an issue.
Examining the importance of verbal skills, Condon (2015) analyzed data from the
National Education Longitudinal Study, finding that verbal skills in secondary school (which can
be fostered through classroom discussion) were a good predictor of both voter turnout and
volunteering for civic organizations. Also, one study of over 300 high school students indicated
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that discussing political issues was a strong predictor of political interest development,
controlling for GPA, SES, and other background variables (Levy et al., 2016). In short, research
indicates that teachers can support young people's civic engagement by providing and guiding
experiences that enable them to explore and verbally discuss public issues.
Another set of experiences known to support civic engagement is participation in
democratic processes. As Mill (1859) argued, political participation leads to an “active”
character, and evidence supports this theory. For example, a study of political behavior in 22
countries found that voting leads to higher levels of external political efficacy by improving the
“cognitive articulation” of the governmental system (Ikeda et al., 2008). Other research indicates
that when one votes for a winning candidate, political efficacy increases are substantial (Bowler
& Donovan, 2002; Clarke & Acock, 1989). Beyond attitudes, one recent study found that
students who participated in an action civics program in their community developed numerous
civic competencies, including the ability to run a meeting, write an opinion letter, or get others to
care about a problem (LeCompte et al., 2020). This study all suggests that pursuing and/or
achieving one's goals through civic or political action can be empowering and enhance young
people's capacities.
In addition, numerous studies indicate that civic engagement develops when individuals
engage in political simulations. For example, Ganzler (2010) and Levy et al. (2019) studied an
extended, semester‐long political simulation for high school students and found that the program
boosted a wide range of pro‐civic attitudes, including political interest and political open‐
mindedness. Likewise, Stroupe and Sabato (2004) found that secondary school students
participating in mock elections with accompanying curricula gained greater political efficacy,
and Bernstein (2008) found that college students who completed a political simulation made
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significant gains in both political attention and political efficacy. Thus, as theories of social
learning (e.g., Bandura, 1997) suggest, engaging in certain activities can positively affect one's
attitudes towards those activities, and this is especially true if those experiences include positive
emotions (Silvia, 2006).
A third category of activities that can enhance young people's civic engagement is
communicating publicly, both online and offline, about civic issues. For example, researchers
found that students who blogged online about political issues for an hour per week for one
semester developed greater political interest, internal political efficacy, and self‐efficacy for
writing about politics than students who did not share their political ideas in this way (Levy et
al., 2015). And another study of 500 undergraduates indicates that using one's political voice on
Facebook (e.g., commenting, sharing) is a good predictor of other online and offline forms of
political participation (Vissers & Stolle, 2014). Similarly, researchers recently examined the
effects of Project Soapbox, a five‐lesson curriculum that guides students to select and explore
public issue and then make a speech about that issue to one's classmates. Participants in the
program, primarily nonwhite Chicago youth, became more civically engaged in various ways—
indicating a greater willingness to contact government officials, express one's opinions via news
media, and raise awareness about issues via social media (Andolina & Conklin, 2018).
Thus, researchers have identified several types of experiences that enhance young
people's likelihood of future democratic participation. Some science educators have integrated
these and similar practices into their classrooms (see Table 3), and we contend that expanding
these types of experiences could be an effective and exciting way to enhance youth civic
engagement, scientific learning, and informed democratic participation overall.
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6  Uncertainties and Future Directions in CSE
The main argument of this paper is that CSE has the potential to have a tremendously
positive impact on science education, civic engagement, and civil society more broadly. And
although there has been substantial research on CSE practices, many unanswered questions
remain. In this section, we summarize the evidence to support our main argument and suggest
future directions for research and practice.
Overall, prior research suggests that CSE has can help to address some major practical
challenges that we face as a society—namely, limited motivation in science (Osborne et al.,
2003) and low youth civic engagement (Center for Information and Research on Civic Learning
& Engagement, 2020a, 2020b). Integrating civic issues into science coursework and highlighting
the relevance of science to students’ lives can enhance their motivation to learn science, a strong
predictor of persistence and learning (Renninger & Hidi, 2016), and can also provide
opportunities for youth to explore and contribute to their communities (Bencze et al., 2012).
Drawing on the research described in this paper, Table 5 summarizes the outcomes that might be
expected from foundational, exploratory, and purposefully active CSE.
As the research on teaching SSIs show, foundational CSE experiences can support
students’ scientific knowledge and skills (Khishfe, 2014; Sadler et al., 2013) and their view of
science as relevant to their everyday lives (Pelch & McConnell, 2017). Likewise, civic education
research suggests that such learning experiences, if involving sufficient discussion or
deliberation, can support the development of students’ political interest and efficacy (Levy,
2011, 2013; Levy et al., 2016; Morrell, 2005). There are many resources available to support
teachers’ enactment of classroom discussions of public issues, such as those offered by Facing
History and Ourselves, and science educators interested in guiding these experiences should
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explore some of the discussion structures and professional development opportunities available.
In addition, we encourage researchers to examine how foundational CSE (including even direct
instruction approaches) can support motivation in science and civic engagement, how educators

Table 5  Examples and Expected Outcomes of Civic Science Education
CSE Category

Curriculum Examples

Expected Outcomes

Foundational

Reading about and discussing the impact of climate change

Argumentation Skills
Science Content Knowledge

Watching videos about deforestation and writing about its
causes, effects, and potential solutions

Civic Content Knowledge
Civic & Political Interestm
Civic & Political Efficacym
Self-Efficacy in Science
Knowledgem

Exploratory

Collecting and analyzing data about changing precipitation
patterns and its impact on communities

Inquiry Skills
Science Content Knowledge
Science Process Knowledge

Observe, analyze, and write about satellite data tracking
deforestation

Civic Content Knowledge
Interest in Sciencem
Self-Efficacy in Science
Skillsm

Purposefully
Active

Designing and enacting a way to communicate with
policymakers about how to address flooding or drought

Participatory Skills
Political & Civic Efficacym
Political & Civic Interestm

Creating and sharing a video or infographic (on social media)
about deforestation and what we can do to reduce it

Informed Civic Participation
Science-Related Career
Goalsm
Scientific Knowledge
Critical Consciousness
Self-Efficacy in Science
Knowledgem
Broader Social/Community
Impacts

Note. All three categories of CSE can and should include curricular elements that involve at least two of the four key
drivers of intrinsic motivation: (1) meaningfulness/value, (2) autonomy/choice, (3) relatedness/social interaction,
and (4) competence/self-efficacy development. For example, many potential CSE topics, such as water quality and
public health, can be personally meaningful for students because they affect their lives or those of their family,
friends, and communities.
m

Outcomes that are closely related to the development of intrinsic motivation in the relevant domain (i.e., science or
civic participation)
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learn to engage in such practices, and the best ways to integrate these practices into various
educational contexts. Given persistent inequities in education (e.g., Duncan & Murnane, 2011), it
is especially important to consider how students from low‐income, segregated schools can most
benefit from CSE.
Exploratory CSE also has the potential to support important learning outcomes. Public
participation in science research experiences, for example, can support students’ understanding
of scientific processes (Brossard et al., 2005), interest in science (e.g., Wallace & Bodzin, 2017),
feelings of community connectedness (Overdesvest et al., 2004), science knowledge (Bonney et
al., 2016), and appreciation of ecosystems (Haywood, 2016). Furthermore, critical civic inquiry
can strengthen participants’ civic efficacy (Hipolito‐Delgado & Zion, 2017), and structured
inquiry‐based learning about social and civic issues can build students’ knowledge of the topics
of they explore (Grant et al., 2017). Though current standards are indeed imperfect (Feinstein &
Kirchgasler, 2015), several influential standards documents, including the Next Generation
Science Standards (2013), the C3 (College, Career, & Civic Life) Framework of the National
Council for the Social Studies, and the Common Core Standards (NGA & CCSSO, 2010), all
emphasize inquiry‐based learning as a vital instructional element. Educators interested in
pursuing these practices can access numerous helpful resources that they can adapt to serve the
needs of their own contexts and CSE‐related objectives.
Nonetheless, we have only limited understanding of how guided inquiry experiences in
CSE could support learning towards certain standards, and researchers should explore this
question. Commonly taught science topics that would fit well with exploratory approaches
include climate and weather, ecological systems, public health, water systems, and geoscience.
Like other forms of instruction, CSE curricula and experiences could develop and improve
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through design‐based studies (Barab & Squire, 2004) and then, once successful at meeting
learning goals of researchers, educators, and policymakers, could expand through design‐based
implementation research (Penuel & Fishman, 2012), potentially having a broad impact on
learning and civic life.
Whereas foundational and exploratory CSE can foster the development of students’
knowledge, skills, and values in scientific and civic issues, purposefully active CSE can provide
powerful, memorable experiences that could positively impact not only participants themselves
but also civil society more broadly. Political theorists have long argued that discussions in the
public sphere can influence democratic decision‐making (e.g., Habermas, 1992), and with the
internet's expansion of the public sphere, there are an unprecedented number of participatory
opportunities on issues related to personal values, economics, and science, among other things
(e.g., Edgerly et al., 2008). Evidence indicates that guided science‐oriented civic action can
foster students’ citizenship action skills (Culen & Volk, 2000), knowledge of environmental
problems (Sellmann & Bogner 2013), and commitment to conducting research‐informed
activism (Bencze et al., 2012), and participating actively in the democratic process can enhance
participants’ political efficacy (Levy, 2013, 2018), political interest (Ganzler, 2010), civic
competencies (LeCompte et al., 2020), and content learning (Frederking, 2005).
There are numerous curricular models that scaffold students’ engagement in purposeful,
informed civic action, such as those developed by Earth Force and Generation Citizen, many of
which are freely available online. These programs and others have guided young people's
contributions to their communities, such as conserving watersheds, preventing overfishing, and
developing community farms (e.g., Earth Island Staff, 2002; Kim et al., n.d.; Sevigny, 2021).
Furthermore, hundreds of educators have joined a systematic reform effort called Science
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Education for New Civic Engagements and Responsibilities (SENCER). This NSF‐funded
program aims to integrate civic issues into undergraduate science education and has generated
numerous faculty discussions, workshops, and course revisions. Researchers have documented
college educators’ innovative practices (e.g., Bachofer, 2010; Masthay, 2010), such as chemistry
students studying the redevelopment of a Superfund site. Few studies have
closely examined students’ learning outcomes in SENCER, Earth Force, or other
purposefully active CSE efforts, and it would be valuable for empirical researchers to explore
how such programs can best enhance both students’ civic engagement and their motivation in
science, attending to variations in content, forms of civic participation, and participant
populations. Findings in this domain could provide insights about how purposefully active CSE
can strengthen scientific learning as a whole and could persuade educators to engage students in
experiences that could strengthen learning as well as society at large.
In addition to conducting studies that explore how foundational, exploratory, and
purposefully active CSE can enhance civic engagement and motivation to learn science, scholars,
and leaders in science education ought to consider what students should learn about the role of
science in society (Rudolph & Horibe, 2016): How should science be used in settling science‐
related public decisions? What should the public's role be in overseeing scientific endeavors and
establishing funding priorities? What would be the best processes and mechanisms for fostering
productive interactions among scientists, the public, and policymakers? These types of macrolevel discussions are vital at a time of rapid technological and social change and could inform the
direction of science education during these uncertain times. (Just as these issues are important for
educators and scholars, they could also be meaningful for student deliberation, and researchers
could examine the outcomes of students’ explorations of these issues.)

THE POTENTIAL OF “CIVIC SCIENCE EDUCATION”

35

Finally, educational standards and assessments should shift by adding more emphasis on
CSE and civic issues more broadly. As we note in the introduction, the current NGSS standards
acknowledge the value of civic engagement to some extent. However, the standards primarily
emphasize the role of citizen as arguer (Practice 7: Engaging in argument from evidence).2 These
standards say little about students participating in civic life, exploring the role of science in
policymaking, sharing one's scientific knowledge with others (including school and civic
leaders), or designing scientific projects that serve the public interest. Such a narrow view of
civic engagement presumes that students will enter a society based solely on reason,
uninfluenced by political interests or power struggles, with a level and equitable field of social
existence in which all are given a fair hearing.
However, real‐world democratic participation in decision‐making is a much more
complex and messy endeavor (Senecah, 2004) that requires, among other things, access
(availability of adequate resources and opportunities for public involvement and participation),
standing (civic legitimacy in the form of respect and esteem of stakeholders’ perspectives), and
influence (opportunity to effectively shape the scope of alternatives, decision criteria, and
ultimate responses). Arguing effectively may be of little consequence if the arguer has a low
social status or lacks equitable access to argumentative forums. Greater attention to these socio‐
political complexities and inequities is needed if science learners are to indeed become prepared
to realize their full civic potential. We encourage policymakers, scholars, and educators to

2

Specifically, NGSS indicates that, in Grades 9‐12, students should: “Respectfully provide and/or receive critiques on scientific arguments by probing reasoning
and evidence, challenging ideas and conclusions, responding thoughtfully to diverse perspectives, and determining additional information required to resolve
contradictions” (NGSS Lead States, 2013).

THE POTENTIAL OF “CIVIC SCIENCE EDUCATION”

36

consider a vision of CSE that would facilitate young people's active engagement in science‐
related public issues.

7  Conclusion
Our world faces numerous science‐related public challenges. We encourage researchers
in science education, civic engagement, and motivation psychology either to collaborate directly
or to attend closely to one another's ideas to develop successful and scalable educational
programs that will enable future generations to democratically address these challenges. Because
these problems are numerous and widely dispersed, addressing them will require ongoing broad
public engagement and exploration. Yet we have hope. Preparing young people to become well‐
informed civic participants can strengthen our resilience amidst complex public problems, and
researchers can help to identify, develop, and understand the most effective ways of doing so.

Data availability statement: The data that support the findings of this study are available from
the corresponding author upon reasonable request
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